The flavonoids in the flowers of Edgeworthia chrysantha, Pittosporum tobira and Wisteria floribunda were isolated and identified. Quercetin and kaempferol 3-O-glucosides and 3-O-rutinosides were found in E. chrysantha, and quercetin 3-O-rutinoside, 3-O-glucoside and 3-O-pentosylrhamnosylglucoside, kaempferol 3-O-robinobioside, 3-O-rutinoside, 3-O-glucoside and 3-O-pentosylrhamnosylglucoside, and isorhamnetin 3-O-rutinoside were isolated from P. tobira. Ten flavonoids, quercetin 3-O-sophoroside, 3-O-rutinoside, 3-O-glucoside, kaempferol 3-O-sophoroside and 3-O-glucoside, luteolin 5-O-glucoside, 7-O-glucoside and 7-O-hexoside, and apigenin 7-O-glucoside and 4´-O-hexoside were isolated from W. floribunda. The major pigments of E. chrysantha were carotenoids. Their content decreased with the change in flower color to white from yellow via cream, and total flavonoid content also slightly decreased by ca. 0.8 in cream and ca. 0.9 fold in white flowers.
Many flowering plants are pollinated by animals such as bees, butterflies and birds. Some of these plant species change their flower colors, e.g. yellow coronas of Cryptantha humilis (Boraginaceae) to white [2a] , and yellow banner spot of Lupinus argenteus (Fabaceae) to purple [2b] . Aster vimineus (Asteraceae), Fuchsia excorticata (Onagraceae), Pulmonaria collina (Boraginaceae) and Weigela middendroffiana (Caprifoliaceae) also change their flower colors [2c-2f]. Though their pigments may be mainly anthocyanins and carotenoids, UV absorbing compounds such as flavones and flavonols also co-exist in the flowers as nectar guides [3] . However, the qualitative and quantitative variation in their pigment composition during the flower color changes has hardly been reported. In this survey, flower pigments of three species which change their flower colors, Edgeworthia chrysantha (Thymelaeaceae), Pittosporum tobira (Pittosporaceae) and Wisteria floribunda (Fabaceae), were isolated, identified and quantitatively surveyed by HPLC for the variation of their pigments.
Edgeworthia chrysantha Lindl. is distributed from southern China to the Himalayas. In Japan, the plants are cultivated as materials for paper. Though the flowers are initially yellow, they change over time to white via cream ( Figure 1 ). Two flavonol glycosides, quercetin 3-O-rutinoside and kaempferol 3-O-rutinoside, have been reported from the flowers [4] . The yellow color of the flowers was shown to be due to carotenoids by an absorption spectral survey of MeOH extracts of the petals [6] . Four flavonoid glycosides were detected by HPLC as UV absorbing substances and isolated by various chromatographic techniques, including column, paper and preparative HPLC. They were identified as quercetin 3-Orutinoside, quercetin 3-O-glucoside, kaempferol 3-O-rutinoside and kaempferol 3-O-glucoside by UV spectra, acid hydrolysis, LC-MS, and direct TLC and HPLC comparisons with authentic samples. Of these flavonoids, though quercetin and kaempferol 3-O-rutinosides have been reported [4] , quercetin and kaempferol 3-O-glucosides were found in these flowers for the first time. In quantitative analyses of the pigment components of the petals, the contents of the carotenoids of cream and white flowers were 1/10 and ca. 1/20 of those of yellow flowers, respectively (data not shown). On the other hand, total flavonoids slightly decreased by ca. 0.8 in cream and ca. 0.9 fold in white flowers (Table 1 ). Thus, it was shown that in the flowers of E. chrysantha, although the visible color changes, the UV color which insects such as bees can detect, does not change. It has been reported that the flowers of plants which hardly change flower color synthesize pollen and honey in the flowers after either change of color or pollination [1] . However, UV absorbing substances such as quercetin and kaempferol which insects can detect are maintained in older flowers. In E. chrysantha, insects may be attracted to the flavonoids, and when pollinators approach (Table 2) . On the other hand, both kaempferol and quercetin glycosides, especially quercetin 3-O-glucoside, increased in female flowers (Table 3 ). The quantitative variation in carotenoids and flavonoids was more remarkable in the female flowers than the male flowers. In other words, color variation in the visible and UV ranges of female flowers is broader than that of male flowers. Thus, female flowers may induced the pollinator to young flowers. (Table 4 ). In Edgeworthia chrysantha and Pittosporum tobira, although whole petals change their color, the yellow spots of flags turn to white in Wisteria floribunda. The inflorescences of W. floribunda are larger, reach to ca. 100 cm and produce many flowers. Their color is mauve, which induces the pollinators. When the pollinators approach the flowers, they can distinguish between young flowers, which have abundant honey and pollen, and old ones by color changes of the spots of flags. Thus, W. floribunda cuts down the energy required for synthesis of the pigments. Flavonoid pigments may attract insects, and when pollinators approach the flowers, the visible yellow spots of flags are selectively visited by insects to young flowers as in the case of Edgeworthia chrysantha. Extraction and separation: Fresh flowers of E. chrysantha (168.2 g), P. tobira (113.0 g) and W. floribunda (145.5 g) were extracted with MeOH. After concentration, the extracts were separated by prep. PC using solvent systems: BAW, 15% HOAc and then BEW. The isolated flavonoids were purified by Sephadex LH-20 column chromatography using solvent system: 70% MeOH. Flavonoids were further purified by prep. HPLC.
